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) AC generator for vehicles.

@ An ac generator for use in motor vehicles which
is high in power generation and cooling efficiency.
The magnetic circuit is so constructed that its num-
ber of slots per each pole and each phase is 0.5 and
that its winding form is of concentrated winding form.
With such a construction, the total length of its stator

coils (320a,320b,320c) can be reduced compared
with that of that of the conventional machine. In
addition, its output and efficiency are improved by
the reduced temperature rise and a reduction in its
structure and cost can be achieved by the reduced
consumption of copper.
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BACKGROUND OF THE INVENTION

The invention relates to an AC generator for
use in motor vehicles, which is capable of generat-
ing high power voltage, and which is high in both
power generation efficiency and cooling efficiency.

Figure 1 is a sectional view showing a conven-
tional AC generator for use in motor vehicles. In
Figure 1, reference numeral 31 designates a stator
core; 32, a stator coil wound around the stator core
31; 3, a stator including the stator core 31 and the
stator coil 32; 1 and 2, a pair of first and second
generally bowl-like brackets; 1a and 2a, cooling air
inlets disposed at ends of the first and second
brackets 1 and 2; 1b and 2b, cooling air outlets
disposed at outer peripheral portions of the first
and second brackets 1 and 2; 20, a bolt for clamp-
ing and securing the stator core 3 between opening
ends of the first and second brackets 1 and 2 by
inserting the opening ends to both outer peripheral
end portions of the stator core 31; 4 and 5, bear-
ings firmly inserted into the middle of both side
surfaces of the first and second brackets 1 and 2;
6, a shaft rotatably supported on the bearings 4
and 5; 7 and 8, magnetic cores secured to the
shaft 6 and located inside the stator 3; 9, an
exciting coil (not shown) interposed between the
inner peripheries of the magnetic cores 7 and 8§;
10a and 10b, a pair of fans which are secured to
end surfaces of the magnetic cores 7 and 8 the
fans rotating as the shaft 6 rotates; 11, a slip ring
secured to the shaft 8; 12, a rotor including of the
shaft 6, the magnetic cores 7 and 8, the exciting
coil 9, the fans 10a and 10b, and the slip ring 11;
13, a collector unit holding a brush 13a which is in
slidable contact with the slip ring 11 and disposed
at an inner end surface of the second bracket 12;
14, a rectifier which converts an AC current t0 a
DC current by rectifying the AC current while sup-
plying exciting current to the exciting coil 9 through
the slip ring 11 from the brush 13a and rectifying
the AC current induced at the stator coil 32 by
causing the magnetic cores 7 and 8 to be rotated
by a prime mover (not shown) through a pulley 15;
16, a voltage adjustor which adjust a terminal volt-
age to a predetermined value by controlling the
exciting current while detecting a generator voltage;
and 16a, a heat sink for releasing heat generated at
the voltage adjustor 16.

Figure 2 is a schematic diagram showing the
stator 3 for a description of the magnetic circuit
configuration and winding system of the conven-
tional AC generator applied to vehicles. Shown in
Figure 2 is a 3-phase, 12-pole, 36-slot configuration
with the number of slots per each pole and each
phase which represents the number or slots per
the produce of the number of poles and the num-
ber of phases, is 1. The three phases are des-

10

15

20

25

30

35

40

45

50

55

ignated by phase A, phase B and phase C. Refer-
ence numeral 32a designates a coil for phase A;
32b, a coil for phase B; and 32¢, a coil for phase
C. Reference numerals 31a, 31b, 31c, 31d, 31e,
31f, and 31g designate tooth portions constituting
part of a magnetic path of the stator core 31, while
7a and 8a, 8b designate claw magnetic poles which
confront the tooth portions and which constitute the
magnetic cores 7, 8. Assuming that the claw mag-
netic pole 7a is magnetized into an N pole, each of
the claw magnetic poles 8a, 8b is magnetized into
an S pole.

An operation of the conventional AC generator
applied to vehicles will be described.

The exciting coil 9 is supplied with exciting
current through the brush 13a and the slip ring 11,
thereby causing the claw magnetic pole 7a fo be
magnetized as an N pole and each of the claw
magnetic poles 8a and 8b as an S pole. A mag-
netic flux ¢ passes from the N pole of the claw
magnetic pole 7a to the claw magnetic poles 8a
and 8b through the tooth portions 31a, 31b and 31c
of the stator core 31. Since the coil 32a of phase A
is wound around the tooth portions 31a, 31b and
31c, the coil 32a of phase A intersects the mag-
netic flux ¢ passing through the tooth portions 31a,
31b and 31c, and the movement of the claw mag-
netic poles 7a, 8a and 8b in the direction of an
arrow Z causes the magnitude and direction of the
intersecting flux ¢ to change. As a result, a change
in the intersecting flux ¢ generates an inductive
electromotive force (EMF) at the coil 32a of phase
A. Since the tooth portions 31a, 31b and 31c al-
ternately confront the N and S poles, an AC EMF is
induced at the coil 32a of phase A. Similarly, AC
EMFs are induced at the coils 32b and 32c¢ of
phases B and C, respectively. A total of 6 coils are
connected to each of phases A, B and C in series,
and the AC EMFs induced at these phases are
superposed on one another, generating AC current.
This AGC current is rectified by the rectifier 14 to be
outputted as a DC current. The output voltage is
adjusted to a constant value by the voltage adjustor
16.

A cooling
hereinafter.

When the rotor 12 is rotated by a drive mecha-
nism (not shown) through the pulley 15, the fans
10a and 10b secured to the rotor 12 start rotating
to allow a cooling air from the inlet 1a of the first
bracket 1 as shown by the arrow (a) shown in
Figure 1. After cooling the bearing 4, the magnetic
core 7, the exciting coil 9, the stator core 31 and
the stator coil 32, the cooling air is discharged
outside from the outlet 1b. Simultaneously, the
cooling air is introduced from the inlet 2a of the
bracket 2 as shown by arrow (b) to cool the bear-
ing 5, the voltage adjustor 18, the rectifier 14, the

structure  will be described
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magnetic core 8, the magnetic coil 9, the stator
core 31 and the stator coil 32 and discharged from
the outlet 2b.

The conventional AC generator equipped to
motor vehicles is constructed as above. However,
to meet the recent demand for particularly large
output current, such a conventional AC generator is
required to increase an exciting current. This re-
sults in an increase in heat generated by the volt-
age adjustor 16 and also in an increase in heat
generated by the stator coil 32 and the rectifier 14
due to increased output current.

Particularly, the increase in heat generated at
the stator coil 32 has so far been taken care of by
decreasing its resistance while increasing the diam-
eter of its conductor. However, there is a limit in
increasing the conductor diameter in view of wind-
ing work. [n addition, the demand for higher output
current and smaller structure may eventually lead
to impairment of generation characteristics due to
heat resistance limitations. The invention has been
accomplished in view of the above circumstances.

SUMMARY OF THE INVENTION

Accordingly, an object of the invention is to
provide an AC generator for motor vehicles which
is capable of generating a higher output, increased
efficiency, and smaller structure and economization
as a result of decreased consumption of copper by
improving the magnetic circuit structure of the sta-
tor core and the method of winding the stator coils.

The AC generator for vehicles according to the
invention is provided with a stator core having a
plurality of slots, and the number of slots per each
pole and each phase of the stator core is 0.5.
Further the stator coils are wound in concentrated
winding form around tooth portions which form the
slots.

The invention, in which the number of slots per
each pole and each phase is 0.5 and the stator
coils are wound around its tooth portions in con-
cenirated winding form, allows the total length of
each coil for each phase to be reduced. Con-
sequently, not only its resistance is reduced and
the heat produced therefrom can be suppressed,
but also the output and power generation efficiency
can be increased and a reduction in structure and
cost can be achieved by the smaller consumption
of copper.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Figure 1 is a schematic diagram illustrating a
cross-section in an axial direction of a conventional
generator; Figure 2 is a schematic diagram show-
ing the magnetic circuit configuration and winding
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system of a stator of the conventional generator;
Figure 3 is a schematic diagram showing an em-
bodiment of the present invention with the mag-
netic circuit configuration and winding system of a
stator presented for description; Figures 4(A) and
(B) are explanatory diagrams for the description
concerning the comparison of the conventional
generator shown in Fig. 2 and the embodiment of
the present invention shown in Fig. 3; Figures 5(A)
and (B) are explanatory diagrams in which only
winding portions shown in Figures 2 and 3 are
compared in developed form, Figure 5(A) being a
developed schematic of Figure 2 and Figure 5(B)
being a developed schematic of Figure 3; and
Figure 6 is a graphical representation in which
outputs and power generation efficiencies between
the conventional generator and the embodiment of
the present invention are compared.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS T

An embodiment of the invention will be de-
scribed with reference to Figures 3, 4, 5 and 6.

in these figures, the same reference numerals
designate the same or like parts and components
in the conventional generator. Figure 3 which
shows an embodiment of the invention, is a sche-
matic diagram for a description of the configuration
of a magnetic circuit and the winding system, a 3-
phases, 12-poles, and 18-slots configuration with
the number of slots per each pole and each phase
of a stator core being 0.5. The three phases are
designated as phase A, phase B and phase C, and
reference numeral 320a designates a coil of phase
A; 320b, a coil of phase B and 320c, a coil of
phase C. Reference numerals 310b and 310c are
tooth portions constituting part of a magnetic path
of a stator core 310. The coil 320a of phase A is
wound around the tooth portion 310a the coil 320b
of phase B is wound around the tooth portion 310b
and the coil 320c of phase C is wound around the
tooth portion 310c. That is, the coils 320a, 320b
and 320c are wound around the tooth portions
310a, 310b, 310c in concentrated winding form.
Figures 4(A) and 4(B) are schematic diagrams in
which the conventional generator shown in Figure 2
and the embodiment of the invention shown in
Figure 3 are compared in developed form, of which
Figure 4(A) being a developed schematic of the
conventional generator and Figure 4(B), of the gen-
erator of the invention, each with positional rela-
tions among phases A, B, C.

Figures 5(A) and 5(B) are schematic diagrams
in which only winding portions shown in Figures 2
and 3 are compared in developed form, of which
Figure 5(A) is a developed schematic of the con-
ventional machine and Figure 5(B), of the machine
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of the invention.

By the way, the width bt of the tooth portions
shown in Figure 3 is about twice as much as the
width bt of the tooth portion 310b of the conven-
tional machine shown in Figure 2, and so are the
widths of the other tooth portions 310b, 310c. This
results from such a design of magnstic circuit that
the magnetic flux density ¢ per pole, which is the
sum of all the magnetic flux densities passing
through the tooth portions 31a, 31b, 31c of the
conventional machine, can run through the tooth
portion (310a) of the embodiment of the invention.
The diameter of the stator 3 remains the same as
that of the conventional machine.

The number of turns per coil of each phase A,
B or C is the same in both the conventional ma-
chine shown in Figure 2 and the embodiment of
the invention shown in Figure 3. Shown in Figure 5
is an example in which the number of turns per coil
is 2. In this example, the flux ¢ runs from the claw
magnetic pole 7a magnetized by the N pole to the
S poles of the claw magnetic poles 8a and 8b
through the footh portion 310a of the stator core
310, thereby intersecting the coil 320a of phase A
wound around the tooth portion 310a. The rotation
of the claw magnetic poles 7a, 8a and 8b in a
direction of arrow Z changes the magnitude and
direction of the intersecting flux ¢. And a change in
the intersecting flux ¢ generates an inductive elec-
tromotive force (EMF) at the coil 320a of phase A.
Similarly, AC EMFs are induced at the coils 320b
and 320c of phases B and C, respectively. As in
the conventional machine, a total of 6 coils are
connected to each phase A, B or C in series, and
the AC EMFs induced at these phases are super-
posed on one another, generating an AGC current.
This AC current is rectified by the rectifier 14 to be
outputied as DC current.

As is well known, for the three-phase AC gen-
erator such as the conventional generator, its no-
load voltage V per phase can be expressed as
follows.

VaZ*f*¢

where Z is the number of conductors per
phase connected in series ( = (the number of
turns per coil / 2) x the number of poles); f is the
frequency (Hz) and ¢ is the magnetic flux density
(Wb) per pole.) Thus, the no-load voltage V is
proportional to the number of conductors per phase
connected in series Z, the frequency f and the
magnetic flux density per pole ¢. Therefore, as
shown by the embodiment of the invention, the
magnetic circuit is constructed so that the AC
generator is a three-phase machine and its mag-
netic flux density per pole ¢ is the same as that of
the conventional machine. Assuming that the num-
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ber of conductors per phase connected in series Z
is the same and if the frequency f (i.e., the number
of poles and the number of revolutions) is the
same, the same AC EMF is induced and the same
AC current can be generated. Thus, the embodi-
ment of the present invention has the same output
capacity as that of the conventional one.

However, in actuality, as shown in Figure 5, the
embodiment of the invention has the conductor
length per coil shorter by a value obtained by
multiplying the tooth width (bt) by the number of
turns, compared with that of the conventional ma-
chine. That is, in the developed schematic of the
conventional machine shown in Figure 5(A), the coil
32a is wound spreading over the tooth portions
31a, 31b and 31c, which is of distributed winding
system, while the coil 320a of the embodiment of
the invention shown in Figure 5(B) is wound only
around the tooth portion 310a, which is of con-
centrated winding form. Since the footh portion
310a has a width bt which is about twice as much
as that of the tooth portion of the conventional
generator, its coil length is shorter than that of the
conventional machine by a value substantially
equal to the width bt of the conventional machine.
Hence, the resistance of the stator coil is reduced
thereby reducing the copper loss. This decreases
the temperature rise, improves the power genera-
tion efficiency and increases the output power.

Experiments conducted on the embodiment of
the invention presented the results shown by the
solid line in the output and power generation effi-
ciency characteristic diagram shown in Figure 6.
An increase of about 4 A (maximum) in output is
exhibited by the embodiment of the invention in the
low rotational speed range up to 1700 rpm, and an
improvement of about 1 to 1.5% in the efficiency is
observed in the range over 1500 rpm.

As described in the foregoing, according to the
invention, the magnetic circuit is constructed so
that its number of slots per each pole and each
phase of a stator core is 0.5 and that its winding
form is of concentrated winding form. Therefore,
the total length of its stator coils can be reduced
compared with that of the conventional machine. In
addition, its output and power generation efficiency
are improved by the reduced temperature rise and
a reduction in its sitructure and cost can be
achieved by the reduced consumption of copper.

Claims

1. An ac generator for use in motor vehicles
comprising a stator core having tooth portions
which form a plurality of slots in an inner
periphery thereof, wherein the number of said
slots per each pole and each phase of said
stator core is set to 0.5 and a stator coil for
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each phase is wound around said tooth por-
tions thereof in a concenirated winding form.
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FIG. 6

—— EMBODIMENT OF THE INVENTION
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